Publication of the NCCLS M100-S12 document in January 2002 introduced ceftriaxone and cefotaxime MIC interpretative breakpoints of <1 g/ml (susceptible), 2 g/ml (intermediate), and >4 g/ml (resistant) for nonmeningeal isolates of Streptococcus pneumoniae. To estimate the effect of these breakpoint changes on clinical laboratory susceptibility testing results, nonmeningeal pneumococcal isolate (blood and respiratory) data from The Surveillance Network Database-USA, an electronic surveillance database, for the years 1996 to 2000 were collated and studied. Of 9,863 nonmeningeal isolates tested against ceftriaxone, 82.7% were susceptible, 13.2% were intermediate, and 4.1% were resistant by the M100-S11 NCCLS breakpoints (2001); by M100-S12 breakpoints, 95.9% of the isolates were susceptible, 3.1% were intermediate, and 1.0% were resistant. Of 10,777 nonmeningeal isolates tested against cefotaxime, 79.2% were susceptible, 14.3% were intermediate, and 6.5% were resistant by M100-S11 breakpoints; by M100-S12 breakpoints, 93.5% were susceptible, 4.2% were intermediate, and 2.3% were resistant. Overall, the new M100-S12 ceftriaxone and cefotaxime interpretative breakpoints for nonmeningeal isolates of S. pneumoniae decreased the number of isolates interpreted as intermediate by 10% and as resistant by 3 to 4%.
Ceftriaxone and cefotaxime MIC interpretative breakpoints for meningeal and nonmeningeal isolates of Streptococcus pneumoniae were published by the NCCLS in the M100-S12 document in January 2002 (12). Previously, a single set of MIC interpretive breakpoints (M100-S11, 2001) for both meningeal and nonmeningeal isolates was used (11) . M100-S11 MIC interpretative breakpoints for ceftriaxone and cefotaxime were 0.5 g/ml (susceptible), 1 g/ml (intermediate), and 2 g/ml (resistant) (11) . The M100-S12 breakpoints are 0.5 g/ml (susceptible), 1 g/ml (intermediate), and 2 g/ml (resistant) for meningeal isolates and 1 g/ml (susceptible), 2 g/ml (intermediate), and 4 g/ml (resistant) for nonmeningeal isolates for both ceftriaxone and cefotaxime (12). The M100-S12 interpretative guidelines advise laboratories to report both meningeal and nonmeningeal interpretative criteria for pneumococcal isolates recovered from body sites other than cerebrospinal fluid; isolates from cerebrospinal fluid should be reported with meningeal interpretative criteria only (12).
The introduction of revised amoxicillin and amoxicillin-clavulanate breakpoints in M100-S10 (10) resulted in greater than twice the number of pneumococcal isolates being interpreted as intermediate to ceftriaxone (10.3%) than to amoxicillin (4.2%) or amoxicillin-clavulanate (4.6%) and greater than six times more isolates being interpreted as resistant to ceftriaxone (14.4%) than to amoxicillin (2.2%) or amoxicillin-clavulanate (1.7%) (4) . Similarly, Oteo et al. reported 23.6% of isolates to be cefotaxime intermediate and 4.5% to be cefotaxime resistant compared with 5.6% being amoxicillin intermediate and 3.8% being amoxicillin resistant despite MICs at which 90% of the isolates tested were inhibited (MIC 90 s) being one doubling-dilution lower for cefotaxime than for amoxicillin (13) . The apparent discrepancies in the activities of amoxicillin and amoxicillin-clavulante and of ceftriaxone and cefotaxime are the result of amoxicillin and amoxicillin-clavulanate breakpoints being set to reflect their exclusive use in nonmeningeal infections. In contrast, ceftriaxone and cefotaxime breakpoints were originally set based upon each agent's activity against meningeal infections only. Other investigators have also proposed revisions to penicillin breakpoints, specifically, an increase in penicillin-susceptible, -intermediate, and -resistant breakpoints to Յ1, 2, and Ն4 g/ml, respectively, for pneumococci isolated from patients with community-acquired pneumonia and to be used in surveillance for penicillin-resistant S. pneumoniae (6) .
The current study was conducted to determine the effect of one of the latest MIC interpretive breakpoint changes: ceftriaxone and cefotaxime tested against nonmeningeal isolates of S. pneumoniae. To accomplish this, ceftriaxone and cefotaxime in vitro susceptibility testing data for meningeal and nonmeningeal isolates of S. pneumoniae included in The Surveillance Network (TSN) Database-USA (Focus Technologies, Inc., Herndon, Virginia) from January 1996 to December 2000 were interpreted using both M100-S11 (11) and M100-S12 (12) breakpoints. For the purposes of this study, nonmeningeal isolates were limited to those cultured from blood and respiratory tract sources. Respiratory tract isolates included those from both the lower (sputum, bronchial washings, and tracheal aspirates) and upper (sinus, nasopharyngeal, throat, and nose specimens) respiratory tracts. Ceftriaxone MIC results were available for 251 meningeal and 9,863 nonmeningeal (45.2% from blood; 44.8% from lower respiratory tract specimens; 10.0% from upper respiratory tract specimens) isolates of S. pneumoniae. Cefotaxime MIC results were available for 383 meningeal and 10,777 nonmeningeal (47.3% from blood; 42.5% from lower respiratory tract specimens; 10.2% from upper respiratory tract specimens) isolates of S. pneumoniae.
The M100-S11 ceftriaxone and cefotaxime breakpoints have remained unchanged from 1996 and were in effect until December 2001. The nonmeningeal isolates were also stratified by their penicillin MICs for further analysis: penicillin susceptible (MIC, Յ0.06 g/ml); penicillin intermediate (MIC, 0.12 to 1 g/ml); and penicillin resistant (MIC, Ն2 g/ml) (11). In addition, nonmeningeal isolates of S. pneumoniae were studied for the prevalence of associated antimicrobial resistance. Only isolates concurrently tested for susceptibility to penicillin, ceftriaxone, erythromycin, trimethoprim-sulfamethoxazole (SXT), and levofloxacin in 2000 were included in this analysis. A separate analysis of multidrug resistance (MDR) involving cefotaxime was not performed, as results were anticipated to be very similar to those for ceftriaxone. Resistance to zero, one, two, three, four, and all five antimicrobials was determined for each isolate. MDR was defined as concurrent resistance to three or more of the five antimicrobials studied. The prevalence of MDR was assessed twice for isolates, once with M100-S11 ceftriaxone breakpoints (11) and again with the M100-S12 breakpoints (12), to determine the impact of the breakpoint change on the prevalence of MDR.
TSN Database-USA, initiated in 1994 by Focus Technologies, Inc. (formerly MRL), is a queriable real-time database that electronically assimilates antimicrobial susceptibility testing and patient demographic data from a network of hospitals in the United States (17) . The number of laboratories participating in TSN was 58 in 1996, 122 in 1997, 186 in 1998, 232 in 1999, and 258 in 2000. Laboratories are included in TSN based on factors such as hospital bed size, patient population, geographic location, and antimicrobial susceptibility testing methods used (17) . Susceptibility testing of patient isolates is conducted onsite by each participating laboratory as a part of their routine diagnostic testing. Only data generated using Food and Drug Administration-approved testing methods with MIC results interpreted according to NCCLS recommendations are included in TSN. In addition, a series of quality control filters (i.e., critical rule sets) are used to screen susceptibility test results for patterns indicative of testing error; suspect results are removed from analysis for laboratory confirmation. . The increasing number of isolates each year reflects increasing laboratory enrollment in TSN Database-USA from 1996 to 2000 as well as increased frequency of S. pneumoniae isolation per institution over time. Cefotaxime MIC distributions for meningeal and nonmeningeal isolates of S. pneumoniae were very similar to those for ceftriaxone (data not shown). Figure 2 provides MIC distributions for ceftriaxone against nonmeningeal isolates of pneumococci that have been separated into penicillin-susceptible, penicillin-intermediate, and penicillin-resistant groups. All but 9 (0.2%) penicillin-susceptible isolates were inhibited by ceftriaxone at a concentration of 0.5 g/ml, the M100-S11 susceptible breakpoint (11) . Among penicillin-intermediate isolates, 89.3% (2,476 out of 2,772) were inhibited at 0.5 g/ml and 98.5% (2,730 out of 2,772) were inhibited at 1 g/ml, the M100-S12 susceptible breakpoint (12). Among penicillin-resistant isolates, 26.9% (518 out of 1,923) were inhibited at 0.5 g/ml and 81.4% (1,565 out of 1,923) were inhibited at 1 g/ml. Among penicillinresistant isolates, 18.6% were ceftriaxone resistant by M100-S11 breakpoints, while only 4.6% were ceftriaxone resistant by M100-S12 breakpoints. Cefotaxime MIC distributions for penicillin-susceptible, -intermediate, and -resistant isolates were similarly affected by the application of the M100-S12 breakpoints (data not shown). Table 1 shows that applying the M100-S12 ceftriaxone breakpoints resulted in 95.9% of isolates being interpreted as susceptible, 3.1% as intermediate, and 1.0% as resistant. Among the same isolate set, using M100-S11 breakpoints resulted in 82.7% of isolates being interpreted as susceptible, 13.2% as intermediate, and 4.1% as resistant. Among the isolates tested against cefotaxime, the application of M100-S12 cefotaxime breakpoints resulted in 93.5% of isolates being interpreted as susceptible, 4.2% as intermediate, and 2.3% as resistant. Among the same isolate set, using M100-S11 breakpoints resulted in 79.2% of isolates being interpreted as susceptible, 14.3% as intermediate, and 6.5% as resistant. Table 1 also summarizes the differences in the percentages of penicillin-susceptible, -intermediate, and -resistant isolates interpreted as ceftriaxone and cefotaxime susceptible, intermediate, and resistant.
The rates of MDR among the 544 isolates of S. pneumoniae tested against penicillin, ceftriaxone, erythromycin, SXT, and levofloxacin in the year 2000 were compared using M100-S11 (2 g/ml) and M100-S12 (4 g/ml) ceftriaxone resistance breakpoints. The rate of MDR was 17.7% using the M100-S11 breakpoint and was 16.7% using the M100-S12 breakpoint (data not shown). Rates of resistance to zero (47.7 and 52.9%), one (18.6 and 14.0%), two (16.0 and 16.3%), three (15.4 and 15.8%), four (2.3 and 1.0%), and all five (0 and 0%) antimicrobials for M100-S11 and M100-S12, respectively, were similar. Even though there was little effect on the overall prevalence of MDR, using the M100-S12 ceftriaxone resistance breakpoint, the prevalence of ceftriaxone resistance as a component of MDR decreased from 19.7% of MDR isolates (3.5% of all 544 isolates) to 8.0% of MDR isolates (1.3% of all isolates). This greater difference, compared with the overall data, arises because ceftriaxone resistance appeared predominantly in isolates resistant to three other antimicrobials. Even when the interpretation of some isolates' ceftriaxone MICs changed from resistant to intermediate, these isolates remained resistant to three other antimicrobials and thus continued to be defined as MDR.
Results from the study presented here indicate that the M100-S12 nonmeningeal breakpoints published in January 2002 (12) will significantly alter the percentages of these isolates interpreted as susceptible, intermediate, and resistant (Table 1) . For example, in this study, susceptiblity to ceftriax-one among nonmeningeal isolates of S. pneumoniae increased from 82.7 to 95.9% and resistance decreased from 4.1 to 1.0% using the new breakpoints (Table 1 ). Similar observations were made for cefotaxime ( Table 1 ). The marked differences in susceptible, intermediate, and resistant interpretations are attributable to the 16.4% (ceftriaxone) and 18.5% (cefotaxime) of isolates that have MICs of 1 and 2 g/ml and whose interpretations change with application of the M100-S12 breakpoints. The M100-S12 breakpoints resulted in 98.5% of penicillin-intermediate isolates being interpreted as ceftriaxone susceptible and 97.8% as cefotaxime susceptible. The majority of penicillin-resistant isolates were also interpreted as susceptible to ceftriaxone (81.4%) and cefotaxime (68.8%) with M100-S12 breakpoints. 50 , Յ0.25 g/ml; MIC 90 , Յ0.25 g/ml; modal MIC, Յ0.25 g/ml; MIC range, Յ0.25 to Ն8 g/ml. Total data for penicillin-intermediate isolates were as follows: n ϭ 2,772; MIC 50 , Յ0.25 g/ml, MIC 90 , Յ1 g/ml; modal MIC, Յ0.25 g/ml; MIC range, Յ0.25 to Ն8 g/ml. Total data for penicillin-resistant isolates were as follows: n ϭ 1,923; MIC 50 , 1 g/ml; MIC 90 , 2 g/ml; modal MIC, 1 g/ml; MIC range, Յ0.25 to Ն8 g/ml. and resistant, respectively, by M100-S11 breakpoints, whereas 95.8, 2.8, and 1.5% of isolates were susceptible, intermediate, and resistant, respectively, by M100-S12 breakpoints. In the same study, 87.1, 9.5, and 3.4% were susceptible, intermediate, and resistant, respectively, to cefotaxime by M100-S11 interpretations, while 96.6, 1.9, and 1.5% of isolates were susceptible, intermediate, and resistant, respectively, by M100-S12 breakpoints. According to a ceftriaxone MIC distribution in a study conducted during the 1997 to 1998 respiratory season in the U.S. (18), 87.9, 9.0, and 3.2% of isolates were susceptible, intermediate, and resistant, respectively, to ceftriaxone by M100-S11 interpretations, while 96.9, 1.9, and 1.3% of isolates were susceptible, intermediate, and resistant, respectively, by M100-S12 breakpoints. Cefotaxime data were not available in this second study. Even though ceftriaxone and cefotaxime have identical MIC interpretative breakpoints, pharmacokinetic and pharmacodynamic differences exist between these two parenteral cephalosporins. These differences are important, as ␤-lactam levels in serum or at the site of infection need to exceed the MIC for isolates for Ͼ40% of the dosing interval for maximal bacteriologic efficacy and patient survival (2) . This relationship does not differ for penicillin-susceptible and penicillin-resistant strains of S. pneumoniae (1) . The speed of drug clearance from the body is an important determinant of the duration of time that serum levels exceed the MIC of susceptible pathogens: the half-life of broad-spectrum cephalosporins in healthy young volunteers varies from about 1 h for cefotaxime to approximately 8 h for ceftriaxone (3) . For cefotaxime dosed at 1 g every 8 h, the time serum levels remain above the MIC is 63 to 87% of the dosing interval for penicillin-intermediate isolates and 52 to 63% of the dosing interval for penicillin-resistant isolates (2) . For ceftriaxone dosed at 1 g every 24 h, time above the MIC is 76 to 100% of the dosing interval for penicillinintermediate isolates and 48 to 76% of the dosing interval for penicillin-resistant isolates (2) . This difference in parenteral cephalosporin pharmacokinetics and pharmacodynamics is addressed in a comment appearing in the M100-S12 document (12). The comment indicates that use of interpretative criteria for cefotaxime and nonmeningeal isolates requires doses appropriate for serious pneumococcal infections (e.g., at least 1 g [adults] or 50 mg [children] per kg of body weight every 8 h or more frequently) (12). The importance of pharmacokinetic and pharmacodynamic parameters is supported by both animal and clinical studies (2) . Craig has validated a pharmacokinetic/ pharmacodynamic breakpoint for ceftriaxone in nonmeningeal infections of 2 g/ml (2). A pharmacokinetic/pharmacodynamic breakpoint is defined as the antimicrobial concentration in serum that is maintained for Ͼ40% of the dosing interval (2) .
The clinical impact of pneumococcal resistance varies with the site of infection, the degree of antimicrobial penetration to the site of infection, and the ability of the immune response to clear the infection (8) . Pneumococcal resistance can lead to treatment failures for patients with meningitis and acute otitis media. The impact of pneumococcal resistance on the treatment of pneumonia has been more difficult to determine (5, 8) . There exists evidence suggesting that no variance in outcomes of pneumonia is attributable to differences in the penicillin susceptibility of pneumococcal isolates (14, 15) , although there is also recent evidence that increased morbidity and mortality are associated with high-level ␤-lactam resistance (5, 9, 20 (16) . Similar results were reported from a study of invasive pneumococcal infections among patients in the United States from 1995 to 1998 in which MDR increased from 9 to 14% (21). In the current study, using the M100-S12 ceftriaxone resistance breakpoint to recalculate the rate of MDR among nonmeningeal isolates of S. pneumoniae in the year 2000 resulted in only a 1.0% decrease in MDR compared with the rate using the M100-S11 ceftriaxone resistance breakpoint. Even though there was little impact on the overall prevalence of MDR, application of the M100-S12 ceftriaxone resistance breakpoint resulted in ceftriaxone resistance as a component of MDR decreasing from 19.7% of MDR isolates (3.5% of all isolates) to 8.0% of MDR isolates (1.3% of all isolates). Clearly, monitoring and tracking MDR phenotypes needs to be a key component of pneumococcal surveillance initiatives.
Among collections of approximately 10,000 nonmeningeal isolates of S. pneumoniae tested against ceftriaxone and cefotaxime in clinical laboratories in the United States between 1996 and 2000, the M100-S12 breakpoints lowered the percentages of isolates that were interpreted as intermediate and resistant to ceftriaxone and cefotaxime. The largest difference in susceptibility to ceftriaxone and cefotaxime was observed when M100-S12 breakpoint changes were applied to penicillinresistant isolates: 81.4% (ceftriaxone) and 68.8% (cefotaxime) of isolates were interpreted as susceptible by M100-S12, compared with 26.9% (ceftriaxone) and 13.7% (cefotaxime) interpreted as susceptible using M100-S11. The publication and use of M100-S12 breakpoints to interpret ceftriaxone and cefotaxime MICs for nonmeningeal isolates of S. pneumoniae will more accurately reflect the clinical activities of these agents for nonmeningeal infections where a broad-spectrum cephalosporin may be indicated. In addition, M100-S12 breakpoints for nonmeningeal isolates will bring the in vitro activities of ceftriaxone and cefotaxime into closer agreement with oral ␤-lactams, such as amoxicillin and amoxicillin-clavulanate, that have also recently undergone breakpoint changes to reflect their exclusive use in nonmeningeal infections.
